Low temperature, hydrogen-fueled, proton exchange membrane fuel cell (PEM-FC) based engines are being developed rapidly for near-term implementation in mass production, personal automobiles. Materials and process research aiming to further optimize these systems is focused on understanding and controlling various degradation processes (carbon corrosion, Pt migration, cold start), and reducing cost by (i) reducing or eliminating Pt in the electro-catalyst, and (ii) optimizing the nanoscale distribution of the cathode components, in particular the proton conducting ionomer, to make most efficient use of the catalyst. Soft X-ray scanning transmission X-ray microscopy (STXM) [1] is a powerful tool to study PEM-FC catalyst layers (membrane electrode assemblies, MEA). STXM provides spectroscopic identification and quantitative mapping of chemical components with 20-30 nm spatial resolution in both 2D projection and 3D spectro-tomography. For a given radiation dose, it can provide better spectroscopic chemical characterization than analytical transmission electron microscopy (TEM) using electron energy loss or X-ray fluorescence methods. Given the very high sensitivity of the perfluorosulfonic acid (PFSA) membrane and ionomer to radiation damage [4] , there are significant advantages to using X-ray microscopy for mapping ionomer in MEAs [2, 3] . An example of quantitative mapping of ionomer in catalyst layers in 2D projection by STXM is presented in Fig. 1 . Recently, soft X-ray ptychography has been developed by Shapiro et al. at the ALS, with outstanding results on Li battery materials [5, 6] . In collaboration with the ALS team, we are exploring how ptychography can provide improved spatial resolution for mapping ionomer in catalyst layers [7] (see Fig. 2 ). We are also measuring the 3D distributions of ionomer in catalyst layers by STXM spectro-tomography [8] and ptychography-based spectro-tomography. Progress is also being made on a feedback controlled variable humidity and temperature environmental cell to allow in situ studies of PEM-FC MEA under conditions similar to normal operation (e.g. 80 C, 80 % RH) or under cold start conditions (-30 C) (see Fig. 3 ).

